INTRODUCTION {#sec1-1}
============

*Cleistanthus collinus* Roxb. (Euphorbiaceae) is a poisonous plant that is widely distributed in south-eastern Asia, including India and Sri Lanka. Poisoning in humans by this plant causes cardiovascular toxicity, including hypotension, dysrhythmia, and respiratory toxicity, leading to death in 20--60% of patients.\[[@ref1]\] Cleistanthin A and B, which are present in the leaves of *C. collinus*, have been reported to be responsible for the toxicity. Studies conducted with aqueous extracts of *C. collinus* leaves showed a direct inhibition of the alpha adrenergic receptors present in the guinea pig vas deferens.\[[@ref2]\] No study has been carried out with cleistanthin A and B to explore their pharmacological interactions with the cholinergic and adrenergic receptors. Hence, the present study was planned to find out the possible interactions of cleistanthin A and B with both the adrenergic and cholinergic receptors.

MATERIALS AND METHODS {#sec1-2}
=====================

Plant material {#sec2-1}
--------------

Taxonomically identified *C. collinus* Roxb. (Euphorbiaceae) plant parts were collected in Pondicherry and in rural parts of Villupuram and Cuddalore districts of Tamil Nadu, India. They were identified and certified by the Botanical Survey of India (BSI), Coimbatore (BSI/SC/5/23/08-09/Tech.241). Leaves of *C. collinus* were collected in the months of February--April every year. A voucher specimen of the plant is kept in the Department of Pharmacology, JIPMER, for further reference.

Chemicals {#sec2-2}
---------

An activated neutral alumina (aluminum oxide, Al~2~O~3~) column of chromatography grade was purchased from Spectrum Reagents and Chemicals Pvt. Ltd., Cochin, India, and Sisco Research Laboratory Ltd., Mumbai, India. Silica gel-G for thin layer chromatography (TLC) was purchased from Sisco Research Laboratory Ltd.. Acetylcholine and phenylephrine were purchased from Titan Chemicals Pvt. Ltd., India, and Sigma-Aldrich, USA, respectively. All other solvents and chemicals were of analytical grade and were purchased from Sisco Research Laboratory Ltd., and Merck Chemicals, India.

Animals {#sec2-3}
-------

Healthy adult male guinea pigs (body weight 500--600 g), New Zealand white rabbits (1.5--2 kg), and Wistar rats (180--200 g) were used for the experiment. The animals were obtained from the Central Animal House, JIPMER, and allowed to adapt to the laboratory conditions. All the experimental animals were housed at a temperature of 25 ± 2°C and 40--50% humidity in a 12:12 ± 1 h light--dark cycle. The rats were fed with standard rat pellets (Hindustan Ltd, Bangalore, Karnataka, India) and water *ad libitum*. The rabbits and guinea pigs were fed with green-leafy vegetables and Bengal gram. The guinea pigs additionally received vitamin C in water once in 4 days. The study protocol was approved by the Institute Animals Ethics Committee (IAEC), and all the animal experiments were carried out in accordance with the guidelines of the Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA), India.

Drug solutions {#sec2-4}
--------------

Cleistanthin A and B were found to be insoluble in water and soluble in benzene, acetone, and ethyl alcohol. So cleistanthin A and B were dissolved using a minimal volume of ethyl alcohol, and the required volume was made up with distilled water (q.s.). Acetylcholine and phenylephrine were dissolved in distilled water. Commercially available adrenaline injection was diluted with distilled water and used.

Isolation of cleistanthin A and B {#sec2-5}
---------------------------------

Cleistanthin A and B were isolated from the leaves of the *C. collinus* plant. The leaves were dried in the shade and powered to 40 mesh size. The powered leaves were defatted with *n*-hexane (36 h) and extracted with acetone using cold maceration for 30 ±6 h. The acetone fraction was used for the isolation of cleistanthin A and B through column chromatography. The column was prepared using activated neutral alumina by the wet packing method. The acetone extract was dissolved in benzene and passed through the neutral alumina column and eluted with a benzene, benzene:ethyl acetate (4:1), benzene:ethyl acetate (1:1) mixture and methanol:chloroform (9.5:0.5) to isolate fractions of fatty alcohol, collinusin, cleistanthin A and cleistanthin B respectively. The fraction of cleistanthin A was purified using preparative TLC. The TLC was performed using a mobile phase chloroform:*n*-heptane:ethane (50:45:5) solvent system on a preactivated silica gel-G stationary phase. The fraction of cleistanthin B was purified using the crystallization method. The functional groups and facial arrangement of the cleistanthin A and B molecule were confirmed by FT-IR spectroscopy (Avatar FT-IR 330) and nuclear magnetic resonance (Bruker 300 MHz) spectroscopy.\[[@ref3]\]

Effect of cleistanthin A and B on the alpha adrenergic receptor {#sec2-6}
---------------------------------------------------------------

A guinea pig was sacrificed by terminal exsanguination, and the abdomen was opened to expose the testes and the vas deferens.\[[@ref4]\] The vas deferens on one side was freed from the epididymis, cut, and transferred to a Petri dish containing Kreb\'s solution. The tissue was mounted on an organ bath (Biopac Inc., USA) containing Kreb\'s solution maintained at 32 ± 1°C and aerated with oxygen. The concentration--response curves of phenylephrine and cleistanthin A and B were recorded using a data acquisition system (Biopac Inc.) through a variable transducer (50--1000 g). Since cleistanthin A and B did not have any effect on the isolated guinea pig vas deferens, the effect of phenylephrine was recorded in the presence of cleistanthin A and B.

Effects of cleistanthin A and B on the beta adrenergic receptor {#sec2-7}
---------------------------------------------------------------

An adult albino Wistar rat was anesthetised using urethane (1200 mg/kg), and the animal was fixed on the surgical table in a supine position. The animal was pre-treated with heparinized saline (5 IU/ml, i.p.) to avoid coagulation of blood in the heart chambers.\[[@ref5]\] The chest region of the animal was shaved, cleaned and surgical area was marked. The sternum of the animal was cut carefully and the ribs were opened using a rib retractor. The heart was identified through the arch of the aorta and removed as quickly as possible and placed in a dish containing ice-cold Kreb\'s solution. The aortic portion of the heart was mounted in a Langendorff setup (indigenously made) and perfused with aerated Kreb\'s solution at a flow rate of 5 ml/min at 37±2°C. A small steel hook with a string was attached to the apex of the heart and connected to a variable transducer, and the response was recorded using a data acquisition system (Biopac Inc.). After 15--20 min of stabilization under the experimental conditions, cardiac functions such as the contractility (force of contraction) and rate of contraction were recorded. The effects of cleistanthin A and B on the force and rate of contraction were recorded at various dose levels. The effects of a known adrenergic agonist (adrenaline) and a known muscarinic agonist (acetylcholine) were evaluated after the administration of cleistanthin A and B.\[[@ref6]--[@ref8]\]

Effects of cleistanthin A and B on the nicotinic cholinergic receptor {#sec2-8}
---------------------------------------------------------------------

A male rabbit was sacrificed by terminal exsanguination, and the abdomen was opened to expose the testes and the vas deferens. The prostatic half of the vas deferens was freed from the epididymis, cut, and transferred to a Petri dish containing Kreb\'s solution. The tissue was mounted on an organ bath (Biopac Inc.) containing Kreb\'s solution maintained at 32±1°C and aerated. The preparation was allowed to relax for 20--30 min with adequate washing. The concentration-response curves of acetylcholine and cleistanthin A and B were recorded using a data acquisition system through a variable transducer.\[[@ref8]--[@ref10]\]

The presence of the cholinergic receptors in the vas deferens was determined using a known cholinergic agonist (acetylcholine), and the effect of the agonist on the isolated vas deferens was evaluated in the presence of a muscarinic receptor blocker (atropine) and a nicotinic receptor blocker (d-tubocurarine). Cleistanthin A and B did not show any effect on the isolated rabbit vas deferens, and hence the effect of acetylcholine was recorded in the presence of cleistanthin A and B.

Effects of cleistanthin A and B on the muscarinic cholinergic receptor {#sec2-9}
----------------------------------------------------------------------

A male rabbit was sacrificed by terminal exsanguination, and the abdomen was opened to expose the small intestine. The jejunum of the small intestine was identified, and 2-3 cm of the jejunum was separated and washed with the tyrode solution . The tissue was mounted in an organ bath (Biopac Inc.) containing the tyrode solution maintained at 32±1°C. The upright position of the tissue was not changed. The preparation was aerated, and it was allowed to relax for 20--30 min with adequate washing. The concentration--response curves of acetylcholine and cleistanthin A and B were recorded using a data acquisition system (Biopac Inc.) and a variable transducer.\[[@ref11]\]

The presence of the cholinergic receptors in the rabbit jejunum was determined using a known cholinergic agonist (acetylcholine), and the effect of the agonist on the isolated rabbit jejunum preparation was evaluated in the presence of a muscarinic receptor blocker (atropine) and a nicotinic receptor blocker (d-tubocurarine). Cleistanthin A and B did not show any effect on the isolated rabbit jejunum, and hence the effect of acetylcholine was recorded in the presence of cleistanthin A and B.

Interactions of cleistanthin A and B with the cholinergic and the adrenergic ligands {#sec2-10}
------------------------------------------------------------------------------------

The possible interactions between cleistanthin A and B with the adrenergic and cholinergic ligands were determined using the ArgusLab molecular modeling and drug docking program (ArgusLab 4.0.1) in December 2010. The adrenergic and cholinergic ligands were downloaded from the Internet (<http://www.pdb.org/>).

Statistical analysis {#sec2-11}
--------------------

The mean and SEM values were calculated for each parameter. Significant differences between the groups were determined using repeated measures ANOVA followed by Bonferroni comparison of the groups. A *P*-value less than 0.05 was considered significant.

RESULTS {#sec1-3}
=======

There was clear TLC separation of cleistanthin at an Rf value of 0.37--0.42. The purified cleistanthin A and B were identified using UV--visible FT-IR, and NMR spectroscopy.\[[@ref3]\] Cleistanthin A and B when administered alone did not produce any effect on the vasa deferentia of guinea pig and rabbit. These compounds significantly inhibited the contraction induced by phenyleprine and acetylcholine in the vasa deferentia of guinea pig and rabbit, respectively \[Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}\]. Cleistanthin A and B shifted the dose--response curve to the right, as indicated by an increase in the EC~50~ values of phenylephrine and acetylcholine administered in the presence of increasing doses of cleistanthin A and B. In rat vas deferens, phenylephrine when administered alone caused spontaneous contractions, which disappeared in the presence of cleistanthin A and B.

###### 

Effects of cleistanthin A and B on the guinea pig vas deferens

![](PM-7-243-g001)

###### 

Effects of cleistanthin A and B on the rabbit vas deferens
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Both cleistanthin A and B did not show any significant effect on the isolated rat heart or the rabbit jejunum. When administered alone, adrenaline significantly increased the force of contraction (1.44 to 1.83 g) and the number of beats (118 to 144 per minute), and acetylcholine produced the opposite effects (force of contraction 1.44 to 0.52 g, number of beats 118 to 74 per minute), and these effects of adrenaline and acetylcholine on the heart did not significantly change in the presence of cleistanthin A and B.

Cleistanthin A and B were docked with the cholinergic and the adrenergic receptors proteins. Both cleistanthin A and B did not show any significant interaction with the cholinergic and beta adrenergic receptors. While cleistanthin A showed a possible interaction with acetylcholine binding protein with a binding energy of --4.7064 kcal/mol, cleistanthin B did not show any such interaction. Both cleistanthin A and B showed a possible interaction with the alpha adrenergic receptor (data not presented).

DISCUSSION {#sec1-4}
==========

Cleistanthin A and B blocked the effects of phenyleprine and acetylcholine on the vasa deferentia of guinea pig and rabbit, respectively, and this indicates that cleistanthin A and B act on the alpha adrenergic receptors and the nicotinic cholinergic receptors. The vas deferens of guinea pig is populated with alpha adrenergic receptors that mediate the contraction of the vas deferens. The fact that there is a shift to the right in the EC~50~ of phenyleprine, which is an alpha aderenergic stimulant, indicates that there is a blockade of the alpha receptors by cleistanthin A and B. Our finding is in agreement with a report that *C. collinus* significantly inhibited the alpha receptor action of phenylephrine in the guinea pig vas deferens.\[[@ref2]\] The study referred to used the crude extract of the leaves and not the isolated constituents as in the present study. Hence our study confirms that it is cleistanthin A and B that are responsible for the alpha adrenergic receptor blockade. *C. collinus* poisoning induces hypotension in humans,\[[@ref12]\] and it is possible that the hypotension could be due to the alpha adrenergic receptor blockade.

Different kinds of receptors including histaminic, muscarinic, adrenergic, and opioid receptors are distributed in the vas deferens of the rabbit.\[[@ref13]\] The cholinergic receptors are distributed in both the prostatic and epididymal halves of the vas deferens. The nicotinic receptors are present in the prostatic half of the vas deferens, and both the nicotinic and muscarinic cholinergic receptors are present in the epididymal half.\[[@ref9]\] Our study used the prostatic half of the vas deferens, and hence the inhibition of contraction by cleistanthin A and B as evidenced by a shift of the EC~50~ of acetylcholine to the right could be attributed to the blockade of the nicotinic cholinergic receptor. It has been reported that the crude extract of *C. collinus* antagonized acetylcholine on a mouse phrenic nerve-diaphragm preparation and induced a myasthenia gravis-like effect in rats.\[[@ref14][@ref15]\] There is a case report of *C. collinus* poisoning that describes symptoms similar to those of myasthenic crisis-like syndrome that responded to neostigmine.\[[@ref16]\] These reports suggest a blockade of the neuromuscular junction, i.e., nicotinic receptor, by the crude extract of *C. collinus*. The results of our study with cleistanthin A and B are in conformity with these reports, and these compounds, which are present in the plant, are responsible for the neuromuscular blockade.

It is surprising that the compounds have both adrenergic and cholinergic blocking properties. While the vas deferens of guinea pig responds to lower concentrations of phenyleprine (micrograms), the vas deferens of rabbit requires higher doses (milligrams) of acetylcholine. Though there is a great difference in the sensitivity, both the agonists can be blocked by lower concentrations of cleistanthin A and B. We have not come across any compound that has been reported to exert antagonism on both alpha adrenergic and nicotinic cholinergic receptors, and cleistanthin A and B are unique in this respect. An explanation is not possible at this stage, and more studies are required to confirm the nicotinic blockade.

The absence of any effects of cleistanthin A and B on the rat heart and rabbit jejunum in the presence or absence of adrenaline or acetylcholine indicates that the test compounds have neither agonistic nor antagonistic actions on the beta adrenergic and muscarinic cholinergic receptors.

The data obtained using the bioinformatics tool also show possible interactions between cleistanthin A and B and the alpha adrenergic receptors. This adds strength to our interpretations of the data obtained from the isolated tissues. Though interactions of the study compounds with the nicotinic and muscarinic receptors were shown to be absent, cleistanthin A but not B interacted with acetylcholine binding protein. These findings contradict those of the experimental study, and we do not have any explanation for the same.

CONCLUSIONS {#sec1-5}
===========

The present study concludes that both cleistanthin A and B have significant alpha adrenergic and nicotinic cholinergic receptor blocking activities and that they do not exert any action on the beta adrenergic and muscarinic cholinergic receptors.
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